INTRODUCTION
The term semivolatiles has been used to describe the volatile fraction of the particulate phase of smoke (1) . This fraction includes acidic, basic, and neutral compounds important to the flavor and in some cases the physiologkal effects of smoke. Graham (2, 3) used two gas chromatographic columns to separate fractions of the semivolatiles, and Neurath, Dunger, and Kustermann (4) analyzed six fractions of this portion of smoke. Grob and Vollmin (5) and Baggett, Morie, Simmons, and Lewis (6) analyzed the semivolatile portion without prior fractionation. Grob and Vollmin (5) did not present any quantitative or filtration data on the semivolatiles. Graham (3) reported the selectivity of 15 mm cellulose acetate filters and 15 mm paper filters for specific semivolatile components. In this paper the selectivity of cellulose acetate filters, with or without additives, and paper filters for the removal of several semivolatile components in cigarette smoke is discussed. The method employed could be used routinely for the determination of selectivity by experimental filters.
EXPERIMENTAL
All cigarettes were smoked under standard conditions (one 35 ml, 2 s puff/min) to a 28 mm butt length on a Filtrona 20-port smoking machine. The same brand of 64 mm domestic filter blend tobacco columns was used with 21 mm filters. The whole smoke from 40 cigarettes was collected in 4 ml of internal standard solution (14.8 JLg normal undecane/ml of a 1 :1 mixture of acetone-methylene
• Received for publication: 4th December, 1974. chloride) in a cold trap (7) immersed in liquid nitrogen. After the cigarettes were smoked, the flask was warmed to room temperature and the mixture was diluted to 5 ml with additional internal standard solution. A 0.25 mm i. d., 160 m glass capillary column, wall coated with OV-101 liquid phase, was used for the gas chromatographk separation of the semivolatiles (Figure 1 ). The flow of nitrogen carrier gas was established at 1.85 ml/ min with a split ratio of 1 :1. After a o.1 JLl sample' was injected, the colu~n temperature was maintained at 30° C for 12 min and then programmed to 200° C at 2°/min. A flame ionization detector was used for all analyses.
Selective Removal
Six sets of 40 cigarettes were made using commercial and experimental filters and the smoke was analyzed by gas chromatography. Control cigarettes were prepared by replacing the filters with 21 mm tobacco columns taken from similar cigarettes. • Total particulate matter. The peak height ratio of each of the 20 semivolatile compounds to undecane, the internal . standard, was determined. The average ratio for each compound was calculated for each filter. Then this value was compared to the average ratio for that compound in the cigarette with the tobacco filter. Thus, the percentage removals by a given filter were determined for the 20 compounds. The selectivity of a filter for a specific compound was determined by using the formula of Davis and George (8):
where RTPM and Rx are the f'tactional retentions of TPM and component x, respectively. The percentage removal and selectivity of these six filters for the 20 compounds are given in Tables 1 and 2 .
RESULTS AND DISCUSSION
A rapid method to obtain an overall chromatographic picture of the semivolatile fraction of ~moke was developed so that the selectivity of filters, with and without additives, could be determined. A highly precise method was sacrificed for one that COJlld be performed routinely. The analysis of the semivolatiles requires approximately 2 hours, and includes compounds with boiling points of 80° (benzene) to 246° c (nicotine).
The removal and selectivity for each filter were determined for those smoke compounds that are representative of different classes of compounds conta4ting various functional groups. Predictions based on the removal of these compounds by filters were made for the removal of simi,lar compounds known to be present in cigarette smoke.
The addition of glycerin to a standard cellulose acetate filter with triacetin increased the removal of 2,5-dimethylfuran, cumene, benzonitrile, limonene, and indene. Glycerin decreased the removal of paraldehyde, 5-methyl-2-furaldehyde, benzaldehyde, and naphthalene. From these data, one could expect the removal of other terpenes to be increased and the removal of other higher boiling aldehydes to be decreased by the addition of glycerin to a standard acetate filter. Since the addition of PEG 6oo to an acetate filter increased the removal of cumene, limonene, indene, and p-cresol, it should. also increase the removal of other terpenes and phenols. The removal of hydrocarbons and aldehydes was decreased by the addition of PEG 6oo. A cellulose acetate filter with activated carbon is known to be more selective for the vapor phase of smoke than is a cellulose acetate filter with triacetin. Therefore, it was not surprising that all of the compounds tested through cumene (boiling point 152° C) were removed to a greater extent by the activated carbon filter. 
